The release of secretory phospholipase A2 (SPLA,) into the mammalian circulation may contribute to the development of hemorrhagic and inflammatory diseases. sPLA, has previously been shown t o alter the behavior of platelets, leukocytes, and endothelial cells, although the molecular basis for these cellular effects has not been established. Our studies indicate that the inhibition of platelet aggregation by snake, bee venom, and pancreatic sPLA, is dependent on a plasma cofactor. This cofactor resides within the lipoprotein fraction of plasma, with 5496,3146, and 11% of the activity present in the high-density lipoprotein (HDL), low-density lipoprotein (LDL), and very low density lipoprotein (VLDL) fractions, respectively. Delipidation of HDL and LDL was associated with the complete loss of platelet-inhibitory activity. Incubation of purified sPLA, with the HDL fraction of plasma resulted in the time-dependent generation of lysophosphatidylcholine HOSPHOLIPASES A2 (PLA2) are ubiquitous enzymes that specifically catalyze the hydrolysis of the 2-ester bond of 3-sn-phosphoglycerides.' These enzymes participate in the metabolism of membrane phospholipids'.' and are classified into secretory (sPLA2) and cytosolic forms ( c P L A~) .~.~ The secretory class is further divided into groups I, I1 and 111, depending on their source of origin and amino acid s e q~e n c e .~,~ The secretory enzymes generally have lower molecular weights (14 kD) than their cytosolic counterparts' and do not show any fatty acid specificity in the sn-2 position of phospholipids. ' Mammalian sPLA2 have been implicated in a broad range of physiologic functions, including digestion, fertilization,' cell proliferation,' and vascular and bronchial smooth muscle contraction.'."' There is growing evidence that the release of sPLA2 into the circulation may play an important role in the pathogenesis of a variety of inflammatory disorders, including acute pancreatitis,""' arthritis,I4 endotoxic shock," and adult respiratory distress syndrome." In addition, snake venoms are an abundant source of sPLA,, and the envenomation by a variety of snakes leads to disorders of blood coagulation and platelet aggregation, resulting in a hemorrhagic diathesis." A number of these enzymes have been isolated and shown to be potent inhibitors of platelet aggregation.IX~" However, unlike other snake venom proteins, such as the disintegrins, ADPases, and fibrinogenases, which inhibit 0006-4971/95/8611-0001$3.00/0 (IysoPC). The formation of IysoPC correlated with the inhibition of platelet aggregation. Purified IysoPC ( I O t o 100 pg/ mL) inhibited platelet aggregation and dense granule release induced by thrombin (0.05 UlmL), collagen (1 pg/mL), ionophore A23187 (2 pmol/L), ADP (12.5 pmol/L), and adrenaline (3.2 pmol/L). The inhibition of platelet aggregation by lysoPC was dose-dependent and correlated with decreased fibrinogen binding to glycoprotein llb-llla. Our studies indicate that the enzymatic generation of IysoPC from plasma lipoproteins is essential for the sPLA,-mediated inhibition of platelet activation in the presence of albumin. These results raise the possibility that the toxic effects of circulating sPLA, may be due in part to the generation of the bioactive lysophospholipid, IysoPC.
HOSPHOLIPASES A2 (PLA2) are ubiquitous enzymes that specifically catalyze the hydrolysis of the 2-ester bond of 3-sn-phosphoglycerides.' These enzymes participate in the metabolism of membrane phospholipids'.' and are classified into secretory (sPLA2) and cytosolic forms ( c P L A~) .~.~ The secretory class is further divided into groups I, I1 and 111, depending on their source of origin and amino acid s e q~e n c e .~,~ The secretory enzymes generally have lower molecular weights (14 kD) than their cytosolic counterparts' and do not show any fatty acid specificity in the sn-2 position of phospholipids. ' Mammalian sPLA2 have been implicated in a broad range of physiologic functions, including digestion, fertilization,' cell proliferation,' and vascular and bronchial smooth muscle contraction.'."' There is growing evidence that the release of sPLA2 into the circulation may play an important role in the pathogenesis of a variety of inflammatory disorders, including acute pancreatitis,""' arthritis,I4 endotoxic shock," and adult respiratory distress syndrome." In addition, snake venoms are an abundant source of sPLA,, and the envenomation by a variety of snakes leads to disorders of blood coagulation and platelet aggregation, resulting in a hemorrhagic diathesis." A number of these enzymes have been isolated and shown to be potent inhibitors of platelet aggregation.IX~" However, unlike other snake venom proteins, such as the disintegrins, ADPases, and fibrinogenases, which inhibit (IysoPC). The formation of IysoPC correlated with the inhibition of platelet aggregation. Purified IysoPC ( I O t o 100 pg/ mL) inhibited platelet aggregation and dense granule release induced by thrombin (0.05 UlmL), collagen (1 pg/mL), ionophore A23187 (2 pmol/L), ADP (12.5 pmol/L), and adrenaline (3.2 pmol/L). The inhibition of platelet aggregation by lysoPC was dose-dependent and correlated with decreased fibrinogen binding to glycoprotein llb-llla. Our studies indicate that the enzymatic generation of IysoPC from plasma lipoproteins is essential for the sPLA,-mediated inhibition of platelet activation in the presence of albumin. These results raise the possibility that the toxic effects of circulating sPLA, may be due in part to the generation of the bioactive lysophospholipid, IysoPC. 0 1995 by The American Society of Hematology.
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platelet aggregation via well-characterized mechanisms, the molecular basis for the platelet inhibitory effects by a subset of sPLA2 has remained ill-defined.
Recent studies have shown the existence of high-affinity receptors for sPLA2 on the cell It is unclear whether the toxic effects of sPLA2 are mediated by these receptors or are due to the enzymatic production of several potent inflammatory mediator^.^ The hydrolysis of phospholipids by PLAz results in the production of free fatty acids and lysophospholipids. A broad range of biologic activities have been attributed to the natural phospholipid, lysophosphatidylcholine (lysoPC). LysoPC stimulates the transcription of adhesion molecules and growth factors in endothelial ~e l l s ,~~.~' induces chemotaxis in T lymphocytes'x and monocytes,*' enhances diacylglycerol-dependent activation of T lymphocytes,'0." and relaxes vascular smooth muscle cells.'' Although the physiologic function of lysoPC remains unclear, its ability to induce chemotaxis of leukocytes and upregulate adhesion receptors on endothelial cells has lead to the speculation that it may play an important role in the pathogenesis of atherosclerosis and inflamrnati~n.'~~~'~"
Although it has generally been assumed that the surface membranes of cells are the likely source of phospholipid substrate for extracellular PLA2, studies in vitro suggest that only limited quantities of lysophospholipids are released from the membranes of resting cells by sPLA?.'~-?~ In this report, we have examined the mechanism of platelet inhibition by various sPLA2. Our studies indicate that, in the presence of serum albumin, the hydrolysis of membrane phospholipids has minimal effect on platelet activation and that the platelet inhibitory effects of sPLA, are dependent on the enzymatic generation of lysopc from plasma lipoproteins.
Moms Plains, NJ), ionophore A23187 (Calbiochem Corp, La Jolla, CA), and '251-NaI and I4C-serotonin (New England Nuclear, Dupont, Wilmington, DE). Fibrinogen was purified to homogeheity and labeled with 12' I-NaI according to the method of Marguerie et ,L3' Thin-layer chromatography ("LC) plates (silica gel 60) were purchased from Merck (Darmstadt, Germany). Human plasma was donated by the Red Cross Blood Bank (Melbourne, Australia).
Preparation of washed platelets. Blood was drawn from healthy volunteers who had not received antiplatelet medication for 2 weeks. Whole blood was collected in acid-citrate-dextrose (6/1; vol/vol) containing 90 mmol/L sodium citrate, 7 mmoVL citric acid, pH 4.6, and 140 mmoVL dextrose, supplemented with 70 mmol/L theophylline. Platelet-rich plasma (PRP) was obtained by centrifugation of whole blood at l80g for 15 minutes. PRP was centrifuged at 2,OOOg for 15 minutes and the platelets were washed twice with platelet resuspension buffer containing 4.3 mmoyL Na2HP04, 4.3 mmoVL K2HPO4, 24.3 mmoVL NaH2P04, pH 6.5, 113 mmoVL NaCl, 5.5 mmoVL glucose, 0.5% bovine serum albumin (BSA), and 10 m o l / L theophylline. The final platelet preparation was resuspended in a modified Tyrode's buffer, 12 mmol/L NaHCO,, 0.32 mmoVL NaH'PO,, 10 mmol/L HEPES, pH 7.5,137 mmoVL NaCl, 2.7 mmol/ L KCl, 0.5 mmol/L MgC12, and 5.5 mmoVL glucose.
Platelet aggregation studies. Platelet aggregation was performed using a four-channel automated platelet analyzer (Kyoto Daiichi, Japan) set to 950 rpm at 37°C. Each reaction mixture (400 pL) contained fibrinogen (1 mg/mL), BSA (5 mg/mL), and washed platelets (3 X 108/mL). sPLAz was preincubated with plasma, lipoproteins, or phospholipids for 10 minutes at 37"C, before the addition of the platelet agonist. Inhibition of platelet aggregation was expressed as the percentage difference in the initial rate of platelet aggregation in the presence versus absence of sPLA2.
'251-jibrinogen binding to platelets. Fibrinogen binding to washed platelets was performed according to the method of Marguerie et al?' with slight modifications. Each platelet reaction mixture contained 3 X 108/mL platelets, 1 pg/mL "' I-fibrinogen (2.5 pCi/pg). and 5 mg/mL BSA in a final volume of 400 pL. Platelets were stimulated with thrombin (0.05 U/mL) without stirring for 10 minutes at 37°C. Fifty microliters of the platelet reaction mixture was overlaid on 25% sucrose (400 pL) and centrifuged at 11, OOOg for 2 minutes. The pellet was counted in a gamma counter (AutoGamma Series 5000; Packard Instruments, Downers Grove, L).
Specific binding of fibrinogen to thrombin-stimulated platelets was determined by subtracting '251-fibrinogen binding, in the presence of 200 pg/mL unlabeled fibrinogen (nonspecific), from total Iz5I-fibrinogen binding, as described?' Protein concentrations were determined according to the Bradford method?8 using BSA as the protein standard.
Serotonin release. Serotonin release was assessed according to the method of Ardlie and Han."
Partial purification of plasma lipoproteins with Phenyl-Sepharose. Two hundred milliliters of undialyzed human plasma was applied to 200 mL of Phenyl-Sepharose (3 X 30 cm), equilibrated with buffer A (17 mmol/L Na2 HPO,, 3 mmoW KH2P04, pH 7.5, 140 mmoVL NaCl). Bound lipoproteins were eluted with 75% ethylene glycol and dialyzed extensively against buffer A, before the assessment of sPLA2 cofactor activity.
Isolation of plasma lipoproteins by ultracentrifugation. Plasma lipoproteins were isolated by ultracentrifugation, as previously described." Plasma or partially purified lipoprotein fractions were adjusted to lipoprotein specific densities of 1.21 g/mL, 1.063 g/mL, or 1.006 g/mL using potassium bromide. The samples were then centrifuged at 145,OOOg for 30 hours at 10°C. The lipoprotein layer was removed and assessed for lipoprotein-specific apoproteins using sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), as described by Laemmli.4' Homogenous high-density lipoproteins (HDL) and low-density lipoproteins (LDL) were obtained by performing multiple sequential ultracentrifugations at the indicated densities. Each of the separated lipoprotein fractions were resuspended in modified Tyrode's buffer in the same volume as the original plasma sample and dialyzed against modified Tyrode's buffer. Quantitation of sPLA2 cofactor activity in human plasma and in each of the individual lipoproteins was determined from doseresponse curves for the inhibition of platelet aggregation. The sPLA2 cofactor activity in each of the lipoprotein fractions was defined as follows: HDL = (percentage of activity at d Qwntitation of the sPLA2 plasma cofactor. sPLA2 cofactor activity was determined by the ability of sPLA2 to inhibit collageninduced platelet aggregation in the presence of the purified lipoprotein fractions or plasma. These fractions were preincubated with sPLA2 (5 pg/mL) for 10 minutes and then added to washed platelets before the initiation of platelet aggregation with collagen (1 pg/mL). Quantitation of the sPLA, cofactor activity was determined by doseresponse curves for each sample tested. One unit of sPLA2 cofactor activity was defined as the volume of sample required for 50% inhibition of platelet aggregation.
Delipidation of lipoproteins. Delipidation of lipoproteins was performed according to the method of Reardon et a1.4' Briefly, 10 v01 of ethano1:ether (3:l) was added to 2 v01 of purified HDL (10 mg/mL) or LDL (10 mg/mL). The mixture was incubated for 15 minutes at room temperature and then for 15 minutes at -20°C. The precipitated apoproteins were isolated from the lipid phase by centrifugation at 2,OOOg for 5 minutes. The lipid phase was dried under nitrogen, washed twice with ether, and then resuspended in modified Tyrode's buffer. The resuspended lipids were sonicated twice (100 W) on ice for 1 minute before aggregation studies. The apoprotein component of HDL and LDL was resuspended in modified Tyrode's buffer containing 2.5% SDS and applied to a Sephacryl S-300 gel-filtration column (0.7 X 120 cm) to remove SDS before performing aggregation studies.
Analysis of phospholipids derived from HDL. Purified HDL (10 mg/mL) was incubated at 37°C. in the presence or absence of sPLA, (10 g/mL), over a 60-minute time course. Lipids were extracted as previously described4' before analysis using TLC. Equal volumes of lipid from untreated HDL or sPLA2-treated HDL were applied to a TLC plate and chromatographed using a chlorofonn/methanol/ CH3COOH/H20 (42/38/5/7; voVvol/vol/vol) solvent system. The separated lipid species were visualized by iodine staining and compared with commercial lipid standards.
Lipid extraction from TLC plate. After phospholipid separation, individual phospholipids were scraped from the TLC plate. The silica was mixed with 5 mL of methanol/l-butanovH20 (45.8/11.5/42.7; voVvol/vol) and heated at 55°C for 50 minutes. 43 The mixture was then centrifuged at 2,OOOg for 10 minutes, and the supernatant was removed and dried under nitrogen. The extracted lipids were resuspended in modified Tyrode's buffer and assessed for inhibition of platelet aggregation.
RESULTS
In previous studies, we have identified and purified a novel snake venom sPLAz that inhibits the aggregation of platelets by a variety of agonists in a PRP assay system.36 The inhibition of platelet aggregation required enzymatically active SPLA,. However, when these studies were performed using washed platelets in the presence of albumin (5 mg/mL), the For personal use only. on September 24, 2017. by guest www.bloodjournal.org From purified enzyme did not inhibit aggregation in response to a wide variety of agonists, including thrombin (0.05 U/mL), collagen (1 pg/mL), ADP (12.5 pmol/L), and ionophore A23 187 (2 pmol/L). The addition of normal plasma ( I O to 20 pL) to purified sPLA2 restored the platelet-inhibitory effects of sPLA, (Fig 1A) . Inhibition of collagen-induced platelet aggregation was dose-dependent ( Fig 1A) and required preincubation of sPLA2 with plasma (Fig IB) . The plasma dependence for sPLA,-mediated inhibition of platelet aggregation was also observed when thrombin (0.05 U/mL), ADP (12.5 pmol/L), or ionophore A23 187 (2 pmol/L) were used as agonists (data not shown).
Identijication and characterization of the s P U Z plasma corfactor. Initial purification of the sPLAz cofactor in human plasma was performed with hydrophobic interaction resins. Normal human plasma was chromatographed on Phenyl-Sepharose at neutral pH. Although under these conditions only 5% of the loaded protein bound, all sPLA2 cofactor activity was retained. Ninety percent of the sPLA, cofactor activity was eluted with 75% ethylene glycol (data not shown). These preliminary studies suggested that the sPLAz cofactor in human plasma was strongly hydrophobic and likely to represent a plasma lipoprotein.
Plasma lipoproteins were isolated by ultracentrifugation as described in the Materials and Methods. Ninety-six percent of the sPLA2 cofactor activity was recovered in the lipoprotein-rich fraction of plasma ([d 1.211 which contains HDL, LDL, VLDL, and CM; Fig 2) . Differential ultracentrifugation was used to separate HDL from LDL and VLDL. Forty-two percent of the cofactor activity was present in the lipoprotein fraction containing LDL, VLDL, and CM (d 1.063), whereas only 11 % of the cofactor activity was present in the lipoprotein fraction containing VLDL and CM (d 1.006). Based on these results, the majority of sPLA2 cofactor activity (54%) resides within the HDL fraction of plasma, with 3 1 % in the LDL fraction and 1 1 % scattered between VLDL and CM fractions. The identity of each fraction was confirmed by SDS-PAGE analysis of the lipoprotein-specific apoproteins.
Delipidation of lipoproteins. To determine whether the lipid moiety or apoprotein component of the lipoprotein was essential for the sPLA, cofactor activity, delipidation experiments were performed. Complete separation of the lipid from protein was confirmed by SDS-PAGE and TLC analysis (data not shown). All of the sPLA2 cofactor activity of HDL and LDL was recovered in the lipid extract from these lipoproteins (Fig 3) . These results suggest that a lipid moiety common to HDL and LDL is essential for sPLA,-mediated platelet inhibition.
Phospholipid analysis of plasma lipoproteins. Analysis of phospholipids contained within the purified HDL fraction of plasma by TLC showed a predominance of phosphatidylcholine (PC; Fig 4) . Treatment of HDL with purified sPLA2 resulted in the time-dependent generation of IysoPC and a lipid product that migrated directly below PC (Fig 4) . To identify the lipid product responsible for the inhibition of platelet aggregation, each of the separated lipids was extracted from the TLC plate and assessed for their ability to For PC " + inhibit collagen-induced platelet aggregation. Extracted PC did not inhibit platelet aggregation in the absence of sPLA? (Fig S) . The lipid migrating directly below PC was also incapable of inhibiting platelet aggregation in the presence or absence of sPLA2 (results not shown). This lipid was of lysoPC on platelet aggregation with the specific binding of fibrinogen to platelets. Thrombin concentrations as low as 0.05 U/mL stimulated platelet aggregation and the specific binding of fibrinogen to platelets. Treatment of washed platelets with lysoPC (25 to 75 pg/mL) resulted in a dose-depen- dent reduction of specific 'ZSI-fibrinogen binding (Fig 6 ) paralleling the inhibition of platelet aggregation. LysoPC mediates its platelet-inhibitory effects without inducing platelet membrane lysis. LysoPC has well-documented detergent properties, causing cell membrane lysis at sufficiently high concentrations.44 Several lines of evidence suggest that the inhibition of platelet aggregation by lysoPC was not the result of cell membrane lysis. First, concentrations of lysoPC that completely inhibited platelet aggregation (75 to 100 pg/mL) did not increase the extracellular concentration of the cytosolic marker, LDH. Second, the morphology of lysoPC-treated platelets appeared to be normal when examined by phase-contrast microscopy. Finally, increasing the concentrations of collagen (20 pg/mL; Fig 7) or thrombin (0.15 U/mL) overcame the platelet-inhibitory effects of lysoPC (100 pg/mL), confirming the functional integrity of these cells.
Inhibition of other platelet responses by lysoPC. To further delineate the effects of lysoPC on platelet function, we assessed its ability to inhibit platelet shape change and dense granule release induced by collagen (l pg/mL), thrombin (0.05 U/mL), ionophore A23187 (2 pmoVL), and ADP (12.5 pmoVL). Concentrations of lysoPC (100 pg/mL) that inhibited platelet aggregation abolished the change in platelet morphology induced by each of these agonists, as assessed by phase contrast microscopy. Similar concentrations of lysoPC (100 pg/mL) also inhibited agonist-induced serotonin release (Fig 8) . These experiments indicate that the plateletinhibitory effects of lysoPC are not confined to platelet aggregation but appear to involve multiple platelet responses induced by a variety of agonists.
Platelet inhibition by various sPLA2. To determine whether the generation of lysoPC from lipoproteins is spe- cific to snake venom sPLA2, we screened other sPLA2 from bovine pancreas and bee venom for lipoprotein-dependent inhibition of platelet aggregation. Using HDL as a source of phospholipid, we found that both partially purified bee venom sPLA2 and bovine pancreas sPLA, were capable of inhibiting the aggregation response of washed platelets to collagen ( Table 2 ). The greater concentrations of pancreatic sPLA, required to inhibit platelet aggregation reflect the purity of the enzyme and the lower specific activity of pancreatic sPLA2 compared with bee and snake venom s P L A~?~ Dose-response studies confirmed a close correlation between lecithin hydrolytic activity and the inhibition of platelet aggregation by each of the partially purified enzymes (data not shown). The inhibition of platelet aggregation by these nonsnake venom sPLA2 was time-dependent and required the enzymatic generation of lysoPC from HDL (data not shown).
Protective effect of albumin on lysoPC-mediated inhibition of platelet aggregation. We observed that, in the absence of albumin in the washed platelet reaction mixture, purified snake venom sPLA2 was capable of inhibiting platelet aggregation induced by a variety of agonists, without the addition of exogenous lipoproteins. However, in the presence of 5 mg/mL of albumin in the reaction mixture, sPLA2 was unable to inhibit platelet aggregation without the addition of plasma or purified lipoprotein. It has previously been shown that albumin binds avidly to free fatty acids and lysophospholipids,46 thereby sequestering these lipids away from the cell surface. We therefore examined the effect of increasing concentrations of albumin on the platelet inhibitory effects of lysoPC. In the absence of BSA, small quantities of lysoPC ( 5 pg/mL) resulted in complete inhibition of collagen-induced platelet aggregation. At concentrations of BSA approaching physiologic levels (20 mg/mL), much higher concentrations of lysoPC were needed to inhibit platelet tion of sufficient quantities of lysoPC to overwhelm the platelet-protective effects of albumin.
DISCUSSION
Our studies provide several lines of evidence indicating that the enzymatic generation of lysoPC from lipoprotein phospholipids is essential for sPLAz-mediated inhibition of platelet aggregation in the presence of albumin.
(1) The platelet-inhibitory effects of sPLAz were dependent on the presence of plasma lipoproteins. The observed protective effect of albumin on sPLA2-mediated inhibition of platelet activation is in keeping with its ability to bind lysophospholipids. Previous studies have shown that only small quantities of lysoPC are generated from the surface of resting cells by S P L A~,~~.~' presumably because of limited substrate access to extracellular PLA2.
The presence of albumin in the washed platelet assay system would therefore be expected to sequester the majority of IysoPC generated from the cell surface. This is consistent with our results showing the need for increasing doses of lysoPC to inhibit platelet aggregation in the presence of high concentrations of albumin. In a more concentrated albumin environment in vivo (35 to SO mg/mL), the ability of sPLAz t o inhibit platelet activation would require the generation of large amounts of IysoPC. thereby explaining the requirement for plasma lipoproteins a s an alternative source of phospholipid substrate.
These observations have important implications for the toxic effects of circulating sPLA2. Elevated serum levels of sPLA2 have been shown in patients with a variety of inflammatory diseases. including pancreatitis,"~'3 rheumatoid arthritis,I4 septic shock," and adult respiratory distress syndrome (ARDS)." The level of sPLA2 correlates with the severity and duration of these disorders,' and inhibitors of sPLA, have been shown to decrease the serum PLA2 activity and improve clinical outcome^.^ Furthermore, the experimental administration of exogenous sPLA, has reproduced characteristic features of these diseases.J.".") The ability of snake venom sPLA, to inhibit platelet function in vitro has lead to the suggestion that this enzyme may also contribute to the bleeding complications observed in snake bite vicother clinical settings has yet to be established. There is evidence in pancreatitis that the hemorrhagic complications of this disease are more common when the serum concentrations of sPLA, are at their highest."." Furthermore, the administration of large quantities of sPLAz into mice leads to lethal hemorrhagic It is therefore possible that hemorrhage is clinically evident only when large quantities of sPLA, are released into the circulation, as is observed with snake envenomation and severe pancreatitis."."' Our in vitro studies support this possibility, as the amount of sPLAL (-35 U L ) required to inhibit platelet function in PRP is similar to the reported concentrations of serum sPLA, in patients with hemorrhagic complications.".5 ' Although these studies point to a role for circulating sPLA, in the development of inflammation and possibly hemorrhage, the molecular basis for these toxic effects has not been established. Our results raise the possibility that, in vivo. in a concentrated albumin environment, the cellular effects of these enzymes may be mediated, at least in part, by the generation of IysoPC from plasma lipoproteins. The enzymatic production of lysoPC from LDL has previously been postulated to play a pathogenic role in the development of atherosclerosis.2"2X LysoPC induces endothelial cell expression of adhesion molecules important in mononuclear leukocyte recruitment into the arterial intima.2h Furthermore, IysoPC is chemotactic for atherogenic monocytes2' and can upregulate growth factor gene expression in these cells." The ability of IysoPC to inhibit platelet aggregdtion and to induce vascular smooth muscle relaxation3' (thus potentially antagonizing the vasoconstrictor response to vascular damage) is consistent with a role for this bioactive lipid in the development of hemostatic disturbances.
The potential pathophysiologic effects of IysoPC may be particularly relevant in patients with a low level of serum albumin, as is frequently observed in patients with inflammatory diseases. Under these conditions, higher concentrations of unbound lysoPC may considerably enhance disease tims,17.Xl Whether sPLA2 can contribute to hemorrhage in progression. Although lysoPC has been postulated to play a role in human disease, it has not been easy to prove that increased levels of extracellular lysoPC occur in vivo. Unlike sPLA2, which is not rapidly proteolyzed and has no natural inhibitors in serum, lysoPC undergoes rapid metabolism by circulating lysophospholipase and lysoPC transacylase, resulting in a short serum half-life."~ss Studies showing increased levels of plasma lysoPC in the venous or lymphatic effluents of ischemic tissue have not detected increases in the systemic venous concentration of l y~o P C . '~,~~ These observations suggest that the cellular effects of lysoPC may be largely confined to the local environment in which it is produced, rather than having general systemic effects. Based on our in vitro data with PRP, this increase in the local concentration of lysoPC would be sufficient to induce alterations in platelet function, lending support to our hypothesis that the conditions of our assays have relevance to the in vivo situation.
Although a broad range of biologic activities have been attributed to lysoPC, there is currently limited information on the mechanism of its cellular effects. Other bioactive phospholipids, such as lysoPA and platelet-activating factor (PAF), have well-Characterized effects on cell behavior that are mediated through specific receptor-coupled signaling LysoPC has been shown to regulate the activity of a number of intracellular signaling enzymes in vitro, including the activation of both protein kinase C"0,3', 62 and guanylate cyclase63 and the inhibition of adenylate cyclase.63 Although these studies suggest that IysoPC can directly regulate the activity of a variety of signaling enzymes, they provide limited information on the effects of extracellular lysoPC on signaling events in intact cells. Recent studies from our laboratory indicate that lysoPC treatment of platelets or monocyte-like cells stimulates the production of CAMP (manuscript in preparation). This effect of lysoPC is abolished by the G-protein inhibitor, GDPPS, raising the interesting possibility that the cellular effects of lysoPC, like those of lysoPA and PAF, are mediated through specific G-protein-coupled cell surface receptors.
